Abstract. Two male cattle (live weight 240 kg) fitted with rumen and simple T-piece duodenal cannulas were given a basal diet of 12 kg of silage (227 g/kg DM, 25.7 g N/kg DM), 1 kg of rolled barley and 100 g of mineral mixture. In addition to the basal diet, 0, 450 or 900 g/d of either sucrose or xylose was continuously infused intraruminally.
Introduction
The change that occurs in nitrogenous components of grass during ensiling is often extensive and varies with the type of fermentation that occurs (McDonald 1982) . Depending on the method of silage making, a substantial proportion of the silage nitrogen (N) may be present as non-protein nitrogenous constituents (NPN).
The efficiency of microbial protein synthesis in the rumen in animals given silage diets has been reported to be lower than in animals given hay or mixed diets. The Agricultural Research Council (1984) reported a value of 23 g N/kg organic matter apparently digested in the rumen (Omadr) for the efficiency of microbial protein synthesis for silages as compared to 32 g N for hays and grasses. Thomas and Chamberlain (1982) adopted a mean value of 25 N/kg Omadr for silage diets. The reason for the low efficiency of microbial synthesis is not entirely understood, but in part it may be due to the presence of silage fermentation products and hence to the lower yield of ATP/kg Omadr. Extensively fermented silage may contain up to 150 g lactic acid/kg dry matter (DM) , and together with the volatile fatty acids may account for 0.26 of the metabolizable energy (Miller 1982) . It has been suggested that one reason for low efficiency of microbial synthesis is poorly matched rates of ammonia and energy release from silage. However, Thomas and Thomas (1985) concluded that with extensively fermented silage the effect is mediated via energy supply rather than proteolysis per se. Reducing the proportion of NAN in silage from 0.56 to 0.40 by increasing the application of formic acid from 0 to 5.9 litres/t had little influence on rumen ammonia concentration, bacterial N synthesis or passage of undegraded dietary protein to the small intestine . Rooke et al. (1985a) suggested that the nature of the nitrogenous substances available to rumen microbes may limit the efficiency of microbial synthesis with silage diets.
The different rates of energy and protein release suggest that silages should be supplemented with readily fermentable carbohydrates to promote microbial protein production. No significant improvements in the efficiency of microbial protein synthesis have been found when barley supplements have been given (Thomas et al. 1980 a; Rooke et al. 1985 a) . N retention has frequently been improved with barley supplements (Thomson 1968; Kelly and Thomas 1978) , but this effect was not noted by Kaiser et al. (1983) for maize starch. The effect of barley and of starch supplements on rumen ammonia concentration has been varied and sometimes no reduction has been found (Syrjälä 1972; Thomas et al., 1980 a; Kaiser et a!., 1983; Chamberlain et al. 1985) . The benefits of increased energy supply are partly offset by the increased number of protozoa and intraruminal recycling of N (Chamberlain et al. 1985) .
Sugar supplements have been shown to be more effective than starch supplements in reducing rumen ammonia concentration (Syrjälä 1972 , Chamberlain et al. 1985 , and xylose more effective than sucrose (Chamberlain et al. 1985) . Unlike starch, sugars have not increased the rumen protozoal number (Chamberlain et al. 1985) .
The purpose of the present study was to quantify the effects of sugar supplements on rumen microbial protein production in cattle given a basal diet of grass silage and barley. To avoid the negative effects of sugar supplements on rumen pH, sugars were given in the form of continuous intraruminal infusions. As another part of the study, it was investigated whether the adverse effect of readily fermentable carbohydrates on rumen cellulolysis could be alleviated by the continuous supply of supplements that would reduce the postprandial change in rumen pH.
Materials and methods

Animals
The experimental animals were two Ayrshire male cattle, aged 8 months at the time of surgery and weighing 240 kg at the beginning of the experiment. The animals were fitted with a permanent rumen cannula and a simple T-cannula in the proximal duodenum, approximately 5 cm posterior to the pylorus and proximal to the point of entry of the common bile duct. The animals were held in metabolism crates. Feed was given in two equal meals at 9 hours and 21 hours. Water was freely available.
Feeds
The basal diet consisted of 12 kg of grass silage, 1 kg of rolled barley (240 g/kg of total dry matter (DM) intake) and 100 g of commercial mineral mixture. Silage was from second cut timothy, meadow fescue and clover sward, harvested with a precision-chop forage harvester and ensiled with of a solution of formic acid (800 g formic acid/1) at a rate of 5 1/t. The silage was the same as that used in the dairy cow experiment (Huhtanen 1987) . Both animals were also infused intraruminally with three different solutions, succesively. The chemical composition of the dietary ingredients is given in Table 1 .
Experimental procedure
The experiment consisted of two periods of 24 days, with each divided into three subperiods of 8 d. Intraruminal infusions of sucrose and xylose were given at three different levels: 0 (control), 450 (low) and 900 (high) g/d. During the first period animal A was intraruminally infused with water for days I -B , 1 -8, with 450 g of sucrose for days 9-16 and with 900 g of sucrose for days 17-24. At the same time animal B was infused with water, 450 g of xylose and 900 g of xylose, successively. In the second period the infusions of the animals were reversed. After the first period about 10 kg of rumen contents from a bull given a similar basal diet was transferred into the rumen of each animal to hasten the adaptation to the new diet. The animals were then given a rest period of 5 d before the second period commenced. The sugars was infused at a rate of 75 ml/h with a peristaltic pump (Watson -Marlow Ltd, Cornwall) .
Cr-labelled straw was used as particulate marker and Coedta as liquid phase marker. Markers were prepared as described by Uden et al. (1980) . Fifteen grammes (2 X 7.5 g) of Cr-straw (68 mg Cr/g) per day was administrated via rumen cannula at feeding times and 4 grammes of Coedta per day was infused continuously with the nutrient infusates. The amount of constituents excreted in faeces was determined using Cr as an indigestible marker. Faeces were collected totally on day 8 of each subperiod and mixed thoroughly, and a representative sample was taken.
Duodenal samples (approximately 120 ml) were taken on day 8 of each subperiod at 2 h intervals through a 24 h period and pooled to provide a sample. This sample was further divided into two parts, of which one part was further divided by centrifugation (800 g for 10 min) into liquid phase and particulate matter. The unrepresentative digesta sample and the particulate matter were oven-dried at 60°C, milled and stored before analyses. The liquid phase was stored at 0°C before the analysis of markers. Rumen samples were taken before feeding and thereafter 1,2, 3, 4,6, 8 and 10 h after feeding. The rate of disappearance of dry matter (DM), organic matter (OM), N-free OM, residual fraction and nitrogen (N) of the silage used in the experiment and of the untreated barley straw was determined in the rumen of both animals for each infusion. The residual fraction was calculated as OM minus crude protein, sugars and fermentation acids. Fermentation acids and sugars were assumed to be lost in washing and were not determined from the residues. From day 6 to day 8 of each subperiod, bags (porosity 40 /un) containing 3.5 g of DM were incubated for periods of 12, 24 and 48 (9 bags/feed, 18 bags/animal) and a '0 h wash' value was determined for three bags per feed.
Analytical methods
Oven DM content of silage was corrected for volatile losses of lactic acid, volatile fatty acids (VFA) and ammonia as described by Porter et at. (1984) . Fermentation quality of the silage was analysed by the methods described by Fluhtanen (1987) . N content of feeds, digesta samples and faeces was determined by Kjeldahl method. Neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin (ADL) were analysed according to GoEßiNcand Van Soest(l97o), but as modified by Robertson and Van Soest (1977) for barley samples. Hemicellulose was calculated as the difference between NDF and ADF, and cellulose as the differencebetween ADF and ADL. In vitro digestibility of silage was determined by the two-stage procedure of Tilley and Terry (1963) to control the variation in silage quality during the experiment. The ammonia N concentration in rumen samples and in the liquid phase of duodenal digesta was determined by the method of McCullough (1967) . VFAs in rumen fluid samples taken before feeding and 2, 4 and 6 h after feeding were determined by gas liquid chromatography (Huida 1973) . Purine contents of digesta samples and faeces were determined by the method of Zinn and Owens (1982) . The concentrations of Cr and Co in digesta and faecal samples were determined by atomic absorption spectrophotometry after ashing of the samples and digestion with a potassium bromate acid mixture (Williams et at. 1962 ).
Calculation of results
The flow of digesta DM and other constituents entering the small intestine was calculated by Faichney's (1975) double marker method, with the modification that marker concentrations in the unrepresentative digesta sample and solid phase were used to calculate the reconstitution factor (France and Siddons 1986) . The flow of N in the microbial fraction at the duodenum was calculated by reference to purine in digesta. The value 0.15 for the ratio nucleic acid (RNA-basis) N:total N in rumen bacteria was used to calculate the flow of microbial N (ZiNNand Owens 1986) . Feed N degradability was calculated as (1 (Total N ammonia N microbial N endogenous N))/Feed N. A value of 130 mg/ kg 0 -75 was used to estimate the flow of endogenous N into the duodenum (Orskov and MacLEOD 1983) . Outflow of water was calculated as total digesta flow minus DM flow.
Statistical analyses
The statistical model used to analyse the flow data of different constituents was
where A, P, L and S are the effects of animal, period, sugar level and sugar. The effect of the sugar level was further partioned into the effect due to linear and quadratic trends (Snedecor and Cochran 1967 S i g n i f i c a n c e : NS ( n o n -s i g n i f i c a n t ) , where A, P, L and S are the same effects as in model (1), e ukl is the main plot error and H is the effect of sampling time.
Results
Digestion of organic matter DM intake of the basal diet was 60 g DM/kg W 0 75. The amounts of ingested organic matter (OM) and the amounts of OM measured at the proximal duodenum and in the faeces are shown in Table 2 . The amounts of OM entering the proximal duodenum and which were subsequently voided in faeces were linearly increased (P < 0.001; P < 0.01) with sugar level. Differences between the sugars in respect of digestion of OM were small and non-significant. The amount of OM apparently digested in the rumen was increased (P < 0.01) with sugar level. There was a tendency for the total OM digestibility to be higher when sugar supplements were given. The average increase in digestible OM intake was 0.84 kg/kg sugar infused. The proportion of digestible OM disappearing in the rumen averaged 0.694, and was not affected either by the type or level of sugar. The amount of OM digested in the small and large intestines was linearly (P < 0.01) increased with sugar level. The proportion of OM entering the duodenum that disappeared in the intestines averaged 0.467, and tended to be higher when sugar supplements were given.
N metabolism
The average N concentration in the diet was 24.3, 21.1 and 19.7 g/kg DM for infusion levels of 0, 450 and 900 g, respectively. There was a linear (P < 0.01) increase in the flow of total N at the duodenum with sugar level. Ammonia N flow averaged 3.1 g/d and was unaffected by the supplementation. The pattern of flow of non-ammonia N (NAN) was therefore similar to that of total N (P < 0.01). The flow of microbial N was linearly (P < 0.001) increased with sugar level. On the average, microbial N production was increased by 25 g/kg sugar infused. The quantity of N excreted in faeces was increased with sugar level (P < 0.01) and the resulting fall in apparent digestibility of N was significant (P < 0.05). On the other hand, N entering the duodenum was more digestible (P < 0.05) when sugars were infused.
The efficiency of microbial N synthesis (g N/kg OM apparently digested in the rumen (Omadr)) averaged 27.8 g N/kg Omadr, and was not significantly affected either by the level or the type of sugar. When expressed in relation to OM truly digested in the rumen, by assuming that microbial matter had a N:OM ratio of 0.09 (Czerkawski 1986 ), values showed a narrower range with a mean value of 21.2. However, there was a trend toward higher efficiency when sugars were given, and more so for sucrose than xylose. On basal diet there was a substantial loss of N between the mouth and duodenum, but with sugar infusions the flow of NAN at the duodenum exceeded the amount of N ingested by 0.07-0.23. Outflow of water at the duodenum was increased (P < 0.05) with sugar infusions.
The apparent loss of RNA between duodenum and faeces was 0.818 (SE 0.010) . Faecal N loss was closely related to the passage of NAN at the proximal duodenum: (Faecal N (g) = 0.155* NAN + 10.5; r = 0.80**).
Based on this equation, the true digestibility of NAN was 0.845 and metabolic faecal N 10.5 g, which is equivalent to 2.5 g N/kg DM intake.
Digestibility offibre components NDF intake ranged from 1755 to 1799 g/d and intake of ADF from 986 to 1011 g/d (Table 4) . Increasing the amount of sugar infused resulted in a linear increase in the flow of NDF (P < 0.01) and ADF (P < 0.001) at the proximal duodenum and a fall in the quantity of NDF and ADF fermented in the rumen (P < 0.05, P < 0.01). With sugar diets the b a r l e y . S u g a r l e v e l S t a t i s t i c a l s i g n i f i c a n c e of e f f e c t S i g n i f i c a n c e : NS ( n o n -s i g n i f i c a n t ) , amount of NDF digested postruminally increased from 14 (control) to 70 (low) and 83 g/h (high). However, increased NDF and ADF digestion in the intestines was insufficient to compensate for the reduced fibre digestion in the rumen. There was a linear increase (P < 0.05) in faecal output NDF and ADF with sugar level. Total digestibilities of NDF and ADF were higher (P < 0.05) when the basal diet was given alone than when supplemented with the high level of sugar (0.668 vs. 0.584; 0.676 vs. 0.584). With both levels of xylose, NDF and ADF digestibilities were marginally higher than they were with sucrose. The proportion of NDF digestion occurring in the rumen fell linearly (P <0.05) with sugar level; a similar tendency was found for ADF, but the difference was not significant.
Values for cellulose and hemicellulose digestion indicate similar effects due to the level of sugar infusion as observed for NDF and ADF (Table 5 ). Increasing the level of sugar decreased the quantities of cellulose and hemicellulose fermented in the rumen, with a consequent linear (P < 0.05) decrease in the overall digestibility of cellulose from 0.749 to 0.678 and of hemicellulose from 0.684 to 0.584. The proportion of digestible cellulose fermented in the rumen was decreased (P < 0.05) due to the sugar infusions and the same tendency was found for hemicellulose.
Rate of degradation of silage
Values describing the disappearence of silage constituents from nylon bags incubated in the rumen are presented in Table 6 . The disappearance of silage OM, N-free OM and residual fraction was reduced with increased level of sugar infusion, but only after incubation of 48 h were the linear effects of sugar level significant (P < 0.01, P < 0.001). After an incubation period of 24 h the difference was close to becoming significant (P = 0.066).
Because sugar infusions tended to increase N loss, the disappearance of N-free OM was more strongly affected by the sugar infusions than the disappearance of DM or OM. The content of the residual fraction in silage was 667 g/kg DM, which is slightly higher than the content of NDF (582 g/kg DM), and thus changes in degradation of the residual fraction may reflect changes in NDF degradation. No significant differences between the sugars were found, although disappearances of OM and N-free OM were marginally higher with the xylose infusion. The '0 h wash' value (mg/ g) was 186 for OM, 512 for N 122 for N-free OM 122 and 4 for the residual fraction. The average disappearance of straw DM was 6.1°Io lower for the high level of sugar than for the basal diet after incubations of 24 and 48 h.
Rumen fermentation
Mean values of rumen pH, concentrations of ammonia N and total VFA and the molar proportions of individual fatty acids are given in Table 7 . Rumen ammonia N concentration and molar proportion of isovalerate were markedly reduced when the amount of sugar in the basal diet was increased. There were significant linear (P < 0.001) and quadratic (P < 0.05) trends. The effect of sugar level on the molar proportion of valerate was significantly linear (P < 0.05) and quadratic (P < 0.05). Sucrose infusion resulted in slightly, although significantly (P < 0.05), lower ammonia concentration than did xylose. Concentration of total VFA and the molar proportions of acetate, propionate and butyrate were not affected by the level of sugar infusion. As compared to sucrose infusion, xylose infusion showed a significant (P < 0.05) increase in the proportion of acetate and an associated decrease (P < 0.01) in that of butyrate without any effect on the proportion of propionate.
With the sugar infusions, rumen ammonia concentration was below 3 mM before feeding and again fell below this level 6 h post-feeding (Fig. 1) . The postprandial changes in ammonia N concentration were significantly (P < 0.01) different between the basal diet and diets with sugar infusions.
Postprandial changes in rumen pH, the concentration of total VFA and the proportions of most of the individual fatty acids were smaller in the case of sugar infusions (Fig. 2) .
Interaction between the level of sugar infusion and sampling time was significant as regards pH (P < 0.001), total VFA (P < 0.01), and the proportions of acetate (P < 0.01), propionate (P < 0.01) and valerate (P < 0.05). The most pronounced differences between the basal diet and sugar infusions in the postprandial changes in rumen fermentation characteristics were in the quadratic effect of sampling time. No interactions between the type of sugar and sampling time were found.
Discussion
OM digestion
The average value of 0.694 obtained for digestible OM disappearing apparently in the rumen is in agreement with the value of 0.70 calculated by Thomas and Chamberlain (1982) for sheep given silage based diets. A slightly higher value of 0.73-0.75 for cattle given silage diets was adopted from the literature by Agricultural Research Council (1984) .
A similar small increase in the total OM digestibility of the diet was observed by England and Gill (1985) 
N metabolism
The lower ammonia concentration in the rumen with sugar infusions is consistent with earlier observations of Syrjälä (1972) and Chamberlain et al. (1985) . The effect of sugar level on the ammonia concentration was curvlinear. In contrast to the findings of Chamberlain et al. (1985) , sucrose infusion here produced a larger reduction in rumen ammonia concentration than did xylose. This discrepancy may be related to the different method by which the sugars were incorporated in the ration: Chamberlain et al. gave the sugars via the rumen cannula at feeding time. The higher fermentation rate of sucrose than of xylose (Sutton 1968 ) causes a larger reduction in rumen pH and higher ammonia concentration, and they concluded that the different action of the sugars may in part be associated with this reduction of rumen pH. In the present study, continuous infusion of the sugars did not reduce rumen pH below 6.4 with sucrose or xylose (Fig. 2) .
Relative to the basal diet of silage and barley sugar infusions increased markedly production of microbial protein. Efficiency of microbial protein synthesis has been found lower in animals given silage diets than in those given hay, as summarized by Thomas (1982) and Agricultural Research Council (1984) . One probable reason for the lower efficiency with silage diets is that silage OM consists of fermentation products and the yield of ATP/kg Omadr is low. Another reason may be that the rates of ammonia and energy release are poorly matched in silage. In the present study, the silage was not extensively fermented and had a low concentration of fermentation acids and low proportion of ammonia and soluble N in total N.
The positive effect of sugar infusion on microbial N production in the rumen indicates that microbial synthesis was limited by energy supply even with silage of good fermentation characteristics and supplemented with barley. Changes in rumen ammonia concentration reflected well differences in the net incorporation of ammonia by the rumen microbes (Fig. 3) . Slightly lower production of microbial N with xylose is consistent with the higher ammonia concentration when xylose infusion was given. It is likely that the effect of the sugars on microbial synthesis was related to energy supply per se rather than to the synchronization of ammonia production and energy release as was proposed by Syrjälä (1972) . The release of ammonia from silage N compounds was rapid (Fig. 1) , but continuous infusion of sugars supported an even supply of energy during the whole feeding cycle. Supporting evidence against the synchoronization theory is provided by Chamberlain et al. (1985) who found a considerable influence on the time-course carbohydrate fermentation but no influence on the rumen ammonia concentration when barley supplements were fed 2 h before, 1 h before and at the same time as silage.
The method by which the sugars are given may have some effect on microbial synthesis. Large amounts of sugars given in a single meal cause a rapid reduction in rumen pH. Russel and Dombrowski (1980) found in continuous culture that growth yields of most bacteria were depressed at pH values lower than 6.0, cellulolytic bacteria being the most sensitive. The advantage of an even supply of energy for microbial synthesis has been demonstrated with continuous feeding and increased feeding frequency in sheep (Al Attar et al. 1976 ) and in dairy cows (Tamminga 1979) .
Low ammonia concentration (0.5 -3.0 mM) with sugar infusions 6 -12 h after feeding did not seem to limit microbial synthesis. Such a low concentration of ammonia N in the rumen of cattle fed silage diets has been previously noted by Rooked/ al. (1985b) and Thomson et al. (1981) . There has been considerable controversy over the optimum ammonia concentration to sustain maximum microbial yields. Satter and Slyter (1974) found 1.4-3.6 mM to be adequate for maximum growth of rumen micro-organisms in vitro, and the general conclusion is that 3.5 mM is adequate with normal forage concentrate diets (Miller 1982) . A mean ammonia concentration of 3.5 mM will assure the bacteria enough ammonia even during the low point of the ammonia concentration cycle (Satter 1982) . Many rumen bacteria have a very high affinity for ammonia, and these organisms can attain 95 % of their maximal growth rate in the presence of even 1.0 mM ammonia (Schaefer et al. 1980) .
Of the individualfatty acids, only the molar proportion of isovalerate showed a significant correlation (r -o.BB***) with the amount of microbial N produced. Examination of the biochemical pathways concerned shows that the amount of ATP generated per mole of hexose fermented in the rumen is not markedly influenced by the VFA pattern produced (Tamminga 1979; Czerkawski 1986 ). Branchedchain volatile fatty acids are required for the biosynthesis of branched-chain amino acids or higher fatty acids (Allison and Bryant 1963) . The lower proportion of isovalerate with sugar infusion indicates efficient incorporation of this acid by rumen microbes. The molar proportion of isovalerate was highly correlated 5 with the ammonia concentration in the rumen (r o.9l***).
An increasing liquid phase dilution rate has been associated with an increase in the efficiency of microbial growth (Harrison and Mc-allan 1980) . This is largely because the proportion of energy consumed for maintenance diminishes. The liquid dilution rate was not determined in the present study, but outflow of water at the duodenum was markedly increased by sugar infusions and the dilution rate was likely increased as well. There was a close linear relationship between the outflow of water and microbial N production (Fig. 4) .
Most of the rumen bacteria are found to be associated with feed particles (Hobson and Wallace 1982) and the rate of passage of feed particles may not always be related to liquid phase dilution (Mathers and Miller 1981) . Soluble sugars were available in the liquid phase during the whole feeding cycle, which may change the ratio of attached to free bacteria. This shift would increase the dilution rate of microbes from the rumen because the dilution rate of liquid is normally higher than that of particles.
The depressive effect of sugar infusions on the apparent N digestibility is consistent with earlier experiments when sucrose (Syrjälä 1972; England and Gill 1985) or starch (Kaiser et al., 1983) supplements were given with grass silage. In contrast, Gill and Ulyatt (1977) did not observe any effect on N digestibility when a mixture of starch and sucrose was infused in the rumen of sheep given silage. The increased amount of N voided in the faeces when sugar was infused can partly be explained by the larger amount of indigestible residue of bacterial protein produced in the rumen. Another factor may be increased carbohydrate fermentation in the hindgut, leading to synthesis of microbial biomass there and its excretion in the faeces (Armstrong and Smithard 1979) .
Fibre digestion
Increase in the sugar level resulted in a significant reduction in the digestibility of fibre components and in the proportion of ruminal digestion. A reduction in fibre or cellulose digestibility has been noted in many studies (Thomas et al. 1980 b; Kaiser et al. 1983; England and Gill 1985) , following the supplementation of forages with readily fermentable carbohydrates. (Grovum and Williams 1977) or can be calculated from reciprocal of k 2 (Hartnell and Satter 1979; Huhtanen 1987) . Because of the short digesta retention time and quite small pool of digestible fibre entering the caecum, complete compensation of reduced fibre digestion in the rumen cannot be expected.
Moreover, if fibre digestion in the hindgut is characterized by a similar lag time as in the rumen (Mertens 1977) , the amount of fibre digested postruminally would be expected to be further reduced.
The effect of sugar infusion on the disappearance of OM, N-free OM and the residual fraction from nylon bags incubated in the rumen was consistent with the in vivo digestibility of the various fibre components in the rumen and in the total tract. Correlation between the amount of the residual fraction disappearing in 24 h and in vivo NDF digestibility was o.97*** (n 6). The adverse effect of the sugar infusions tended to be less severe in the case of disappearance from nylon bags than of in vivo digestion. DM intake was higher with the sugar supplements, which may have reduced digesta retention time in the rumen (Growum and Williams 1977) and thus contributed to fibre digestion. Calculation of degradation constants using the equations of orskov and McDonald (1979) and McDonald (1981) shows the sugar infusions to have increased the lag timeand indigestible fibre pool without any change in the rate of digestion. The lag time (h), potentially degradable pool (mg/g) and rate of digestion of N-free OM were for the control diet 1.9, 720 and 0.062 and for sugar the infusions (mean value) 4.1, 687 and 0.066, respectively.
The increased lag time is in agreement with Mertens and Loften(l9Bo) who noted, with starch supplement, an increased lag time of fibre digestion in vitro. However, in their study the potential extent and the rate of fibre digestion were not affected by starch addition.
The optimal ammonia concentration needed to support a maximal rate of fermentation may be higher than that suggested to be minimum for microbial growth. Mehrez et al. 1977) observed an increase in the rate of breakdown of barley until the ammonia concentration reached 17 mM, whereas Ortega et al. (1979) were unable to show any increase in the rate of fermentation by increasing the rumen ammonia concentration from 4.5 to 19.6 mM. orskov(l9B2) found an ammonia concentration of 1.5 mM to maximize the rate of digestion of alkali-treated straw. On the basis of the latter two studies it would seem that fibre digestion was not limited by low rumen ammonia concentration in the present study.
Rumen cellulolysis appears to be inhibited by low rumen pH (pH effect) and by the availability of readily fermentable carbohydrates (carbohydrate effect) ).
Cellulolysis in the rumen is inhibited at pH 6.0-6.2 (Stewart 1977; . Russel and Dombrowski (1980) found the growth of pure cultures of cellulolytic bacteria to decrease sharply when the pH fell below about 6.3. In the present study rumen pH was not affected by sugar infusion and was throughout the day above the critical values cited above. From this observation it can be concluded that the depression in fibre digestion was due to the availability of readily fermentable carbohydrates. This is in agreement with , who found that reduction in DM degradation with molasses supplements could not be alleviated by increasing rumen pH, El-Shazly et al. (1961) proposed that when readily fermentable carbohydrates are given, the competition for essential nutrients is increased. Cellulolytic microorganisms appear to be less competitive and unable to metabolise and reproduce at a rate fast enough to maintain themselves in the rumen, and the number of cellulolytic bacteria falls. According to a review by VanGylswyk and Schwartz (1984) , on the other hand, the effect of readily fermentable carbohydrates on fibre digestion is generally not due to a decline in the number of cellulolytic bacteria. In the present study, the increased lag time of fibre digestion with sugar infusions indicates that rumen microbes preferentially utilize soluble carbohydrates before starting on the degradation of fibre (Mertens 1977) . With sugar infusions the fluid fraction contained approximately 0.60 of the total flow of microbial N from the rumen, while the corresponding value for the control diet was 0.49. A similar effect was observed in the ratio of RNA content in the whole digesta to RNA content in the solid phase. The ratio was 1.16 for control diet and 1.23 and 1.31 for low and high sugar infusion. These observations indicate a shift in the ratio of free bacteria to attached bacteria with sugar infusions which may in part explain reduced fibre digestibility.
Rumen fermentation
Continous infusion of sugars caused a stable fermentation with less diurnal variation in rumen pH, total VFA and proportions of most individual fatty acids. As was found by Chamberlain et al. (1985) in vivo and Sutton (1968) in vitro, xylose increased the proportion of acetate and reduced that of butyrate. In contrast to the studies of orskov and Oltjen (1967), Syrjälä (1972) , and Camberlain et al. (1985) sucrose did not increase the proportion of butyrate. The difference may be related to the method by which the sugars were given.
Conclusions
The present results indicate that production of microbial protein from silage nitrogen can be increased by the continuous supply of soluble carbohydrates. On silage diets the low production of microbial N seems to be limited by the energy supply per se rather than by the difference in the energy and nitrogen releases from silage. At the same time, a continuous supply of readily fermentable carbohydrates reduces fibre digestibility, although rumen pH is not affected. This would tend to reduce silage DM intake and, hence utilization of silage.
